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Abstract 
The extreme climate conditions in Namibia create very uncomfortable living conditions in the metal 
shacks, known as kambashus, around Windhoek. The goal of this project was to create a two-step 
thermal regulation process using white paint and paper-sawdust insulation sheets to improve the living 
conditions within the kambashus. We tested our regulation process in an experimental kambashu and 
found that it promotes cooler temperatures during hot times of day and warmer temperatures during 
cold times. 
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Executive Summary 
The broad unemployment rate in Namibia has reached an all-time high of fifty-one percent. 
Coupled with rapid urbanization, this has resulted in a large influx of unemployed job seekers to cities 
such as Windhoek. This city cannot sustain the rise in the number of migrants because it lacks adequate, 
affordable housing and a sufficient number of jobs, especially for people with little education. 
Consequently, there are poor housing conditions for many of the people living in the informal 
settlements in the Katutura area. These homes, called “kambashus”, are made from corrugated metal 
attached to a wooden frame. They lack adequate thermal regulation, making living in the kambashus 
very uncomfortable during the hot days and cold nights.  
Since nearly sixty percent of Windhoek’s population resides in Katutura and its surrounding 
informal settlements, the issue of thermal regulation inside the kambashus is a significant problem. Men 
on the Side of the Road (MSR), a nonprofit organization in Namibia, is attempting to solve the thermal 
regulation problem. In 2012, a team of Worcester Polytechnic Institute students worked alongside MSR 
to create insulation sheets made from recycled paper, sawdust, and water. The team conducted tests 
and determined that the sheets were effective at insulating a small space. More research was needed to 
determine the effectiveness of the insulation and to determine how to manufacture and market the 
sheets. 
The goal of this project was to create a method for thermal regulation in kambashus using 
materials such as white paint and a commercially viable paper sheet insulation product, while 
simultaneously creating job opportunities for the unemployed. To meet this goal we achieved the 
following objectives. We determined the effectiveness of white paint and the insulation sheets as 
thermal regulators in a volunteered, full-scale kambashu using temperature logging equipment, the 
demand for this product, and an effective way to market the product.  
 xix 
 
We met our objectives using participatory action research and field testing of the thermal 
regulators. We used community meetings and interviews to build trust with the residents and receive 
feedback on the insulation sheets and the painted roof system that we had tested. By using 
participatory action research, our team collaborated with community members to develop a plan for 
painting the roof of an experimental kambashu and an installation plan for the insulation sheets that 
met the needs of the residents. Once a general consensus on the painting and installation method was 
reached, we began the testing phase in an experimental kambashu that had been thermally treated with 
paint and insulation. At the same time, we had a similar kambashu serve as our control. We used 
temperature logging equipment in each kambashu to test the insulation’s effectiveness and created an 
instruction manual for installing the insulation. After analyzing the test results, we found that the paint 
reduced the peak high temperature in the kambashu while the insulation and paint combination 
moderated the overall temperature throughout the day. 
By designing and testing the insulation sheets we were able to determine the effectiveness and 
cost of one method of installation and the potential sustainability of the project. Ultimately, our findings 
may enable MSR to create employment opportunities for Katutura residents through the manufacture 
and use of this product, while at the same time improving the living conditions in the kambashus by 
improving their thermal regulation.
  Introduction 
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1 Introduction 
Unemployment and underemployment are persistent problems in many developing countries. 
Many of the available jobs are located in urban areas, which can cause a large migration of people to 
cities. However, these cities do not always have enough jobs to sustain the large number of migrants. 
The resulting unemployment leads to poverty. As a consequence, a large number of people are forced to 
live in squatter shacks with poor living conditions. In countries such as Namibia, more and more people 
are permanently living in these shacks, also known as kambashus. 
More than twenty-five percent of Namibians live in informal settlements spread throughout the 
country, but tend to be close to urban areas (Weidlich, 2010). Informal settlements are defined by the 
United Nations as places of living lacking at least one of the following: decent housing, adequate 
sanitation, a steady water supply, durable housing, or adequate living space (The University of Dublin, 
Trinity College, 2012). Life in kambashus is difficult because they lack many amenities, one of which is 
adequate thermal regulation. Namibia’s extreme climate, coupled with inadequate thermal regulation in 
kambashus, creates a major problem for the residents of informal settlements.  
In Namibia, more than half of the population is unemployed (Bank of Namibia, 2012). The 
problem is being addressed by the non-profit organization Men on the Side of the Road (MSR) (2012), 
which strives to improve living conditions and provide job opportunities for residents of the Katutura 
area. MSR began a paper block project to decrease unemployment by creating an industry for paper 
blocks that could serve as an alternative to wood as a fuel for cooking. MSR also saw the potential for 
these paper blocks to be used for kambashu insulation and sponsored a WPI project group in 2012 to 
look further into that idea. By the end of their time in Katutura, the student team had found that sheets 
made from a recycled paper-sawdust mix could be used for insulation (Cline, Domingue, Fournier, & 
Villar, 2012). The team started looking into the commercial feasibility of using the paper sheets as a 
material for insulating informal settlement kambashus. The 2012 project team created miniature 
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kambashus for testing and found that the average temperature difference between the insulated and 
uninsulated mini-kambashus was enough to pursue full-scale testing. 
 While research on how to create paper sheet insulation has been conducted, the effectivness of 
the insulation has not been tested in a full-scale kambashu. Testing the insulation in a full-scale 
kambashu was an important part of the process of finding a cost effective way to improve the quailty of 
life for the residents of Katutura. Moreover, a mold and pressing mechanism needed to be designed to 
create the new insulation sheets. 
 The goal of this project was to create a commercially viable thermal regulation method that 
could improve living conditions for kambashu residents at an affordable cost. At the same time, this 
project could lead to an increase in job opportunities for the people living in the informal settlements of 
Katutura by creating a thermal regulation product that could be successfully manufactured and 
marketed by them. To achieve this goal, our objectives were to determine: (1) the effectiveness of white 
paint and the insulation sheets as thermal regulators in a volunteered, full-scale kambashu using 
temperature logging equipment, (2) the demand for this product, and (3) an effective way to market the 
product. To accomplish our objectives we finalized the production methods for creating the sheets, 
found an effective way to install them in kambashus, measured the temperatures in both an 
experimental and control kambashu, and created a manual that Men on the Side of the Road can use to 
train workers to manufacture and install these sheets. We also collected the opinions of the residents 
living in the test kambashu about the effectiveness of the insulation and paint since they represented  
potential customers for this approach. Based on our research we found that the thermal regulators can 
provide a cost-effective way to improve the quality of life for residents of kambashus and could 
therefore provide employment for those people who would produce, install, and market the insulation 
in the future.  
 Background 
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2 Background 
The problem of lack of insulation in shacks in the informal settlements of Namibia and 
elsewhere is multi-faceted. The formation, the prevalence, and the living conditions in these informal 
settlements are discussed to provide a context for this project. In this chapter we also discuss the 
problem of unemployment and why it is important for people to be employed. The underemployed and 
unemployed make up the vast majority of the people who live in informal settlements. These problems 
occur worldwide as well as in Namibia and most specifically in Katutura, a major region of the capital 
city, Windhoek, in which many informal settlements are located (see Figure 1). We discuss the extreme 
climate in Namibia to explain why there is a need for insulation in informal settlement shacks. Finally, 
we explain the purpose of insulation in shacks, what it is, and what has been done so far in Namibia to 
help improve the livability of informal settlement shacks. 
 
Figure 1: Location of Katutura 
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2.1 Unemployment 
Unemployment is a major factor in determining a country’s economic growth (Kanyenze & 
Lapeyre, 2012). Definitions of unemployment vary. Broad unemployment is a measure of all those 
people without jobs (CIA, 2012). It is inclusive of all the unemployed, whether the person was making an 
attempt to look for work or not. Countries such as Namibia and Zambia have unemployment rates over 
fifty percent. These regions suffer from more than just large number of unemployed people; crime levels 
have spiked, and living conditions have deteriorated (Ashipala & Eita, 2010). When people have no 
money to spend, the economy suffers as well. Research has shown that unemployment can be reduced 
by stimulating spending (Eita, 2010). With more employment comes more income, and countries such as 
Namibia should be able to improve their economy by increasing the number of jobs that are available. 
2.1.1 Causes of Unemployment 
 Challenges such as widespread poverty and unfavorable locations, and a lack of education can 
contribute to a country’s unemployment (Namibia Ministry of Labour and Social Welfare, 2008). When a 
country has a lot of poverty, a majority of the people are likely to be poorly educated, thus making them 
less qualified to get employment. The location of work can contribute to unemployment as well. In 
Namibia, many people look for employment in urban areas. As a result, there is a large increase in 
migration to urban areas, which leads to urban overcrowding and a surplus of applicants for the few 
jobs that exist. However, the majority of these people remain unemployed. 
2.1.2 Need for Employment and the Goals of MSR 
There has never been more of a need for employment in Namibia than there is today. According 
to the 2008 Namibia Labour Force Survey, Namibia’s unemployment rate increased from thirty-six 
percent in 2004 to an all-time high of fifty-one percent in 2008 (Namibia Ministry Of Labour and Social 
Welfare, 2008). Namibia is currently ranked third in the world for highest unemployment rate (Mwinga, 
2012). In 2001 a nonprofit organization, Men on the Side of the Road (2012), began its mission in South 
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Africa to connect the unemployed with jobs. In 2007, MSR opened an office in Namibia in an effort to 
combat the unemployment problem there. The projects and programs MSR sponsors try to help people 
find employment and try to help improve the living conditions of the urban immigrants and improve 
their skills to improve their chances for getting employment. 
2.2 Informal Settlements 
Throughout the world more than one billion of the three and a half billion urban dwellers live in 
informal settlements (Raval, 2010). According to the United Nations, the largest growth in informal 
settlements is occurring in Southern Asia and Sub-Saharan Africa (The University of Dublin, Trinity 
College, 2012). The Sub-Saharan Africa region has the highest percentage of its population living in 
informal settlements. There are many factors that contribute to the formation of informal settlements, 
such as a lack of affordable land in urban areas, poverty, the rapid growth of the urban population, and 
historical events, such as colonization. Informal settlements are characterized as locations that have 
inadequate housing, sanitation, water, electricity, and limited access to health care and education 
(Amnesty International, 2013). They are called informal because the land development is not planned, 
and many residents are squatting on the land (Pendleton, 1996). 
2.2.1 Development of Informal Settlements 
 Life in Sub-Saharan African informal settlements began during European colonization 
(Pendleton, 1996). Cities were segregated into African and European sections, which were not equally 
developed. In colonial times the indigenous Africans, who moved to White controlled urban areas in the 
hope of employment, were forced to live on the outskirts of the city and walk to work.  
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Figure 2: Kambashus in Katutura, Namibia (Images before 2005, 2012) 
Another aspect of informal settlements formation can be traced back to apartheid in southern 
Africa (Napler, 2005). Blacks were forced to live in the separate sections of the cities away from Whites. 
This urban structure is still seen today in the location of the informal settlements throughout the region. 
 Namibia is a prime example of a country with informal settlements (see Figure 2). It was first 
colonized by Germans, and the local population was severely oppressed, partly through the formation of 
“locations” (Pendleton, 1996). The non-white populations were forced to live in these locations, many of 
which were moved based on the needs and wants of the colonizers. During South Africa’s control of 
Namibia and the implementation of apartheid, the Black population was further segregated and 
oppressed. 
After Namibia gained independence in 1990, rapid urbanization of cities combined with 
inadequate housing for the large influx of rural migrants contributed to the development and growth of 
informal settlements (World Bank, 2002). Migrants have come to cities because agriculture has not 
produced sufficient income for them to stay in rural areas. The migrants are in search of better 
employment in the growing cities, such as Windhoek. Twenty-five percent of the Namibian population 
lives in informal settlements (The Shack Dwellers Federation of Namibia, 2009). These migrants choose 
to live in informal settlements because of the low cost of housing. According to the First National Bank 
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of Namibia (2011), the cost per square meter of land in Windhoek ranges from N$400-N$1200, which is 
unaffordable for most of the people migrating into the city. As a result, more than sixty percent of the 
population of Windhoek lives in Katutura, a township northwest of the city that contains many informal 
settlements. It was initially created during apartheid to form a “New Location” for Black Africans 
(Pendleton, 1996). The area is slowly developing as people gain ownership of the land they are residing 
on, and residents begin to improve their homes. However, for many of the residents life is not improving 
due to their inability to improve living conditions because of their lack of employment.  
2.2.2 Life in Informal Settlements 
 Katutura’s informal settlements are home to many urban poor (Napler, 2005). Resources are 
scarce especially for the majority of the population, who earn less than N$600 per month (CIA, 2012). 
Homes are constructed by those who will live there and are typically made of corrugated metal 
supported by a wooden frame (The Shack Dwellers Federation of Namibia, 2009). They typically lack 
basic amenities such as electricity, individual water taps, and toilets. Also, many informal settlements 
are located kilometers from schools and health clinics, making it difficult for residents to reach these 
critical places because of the lack of available and affordable transportation (Levenson, 2012). Health is 
a major concern in informal settlements because population density is high, so disease spreads more 
easily than in formal living situations. In addition, indoor air quality is poor because many people use 
fires to heat their homes as well as cook. Adequate sanitation is lacking, thermal regulation in the shacks 
is nonexistent, and health care is not easily accessible.   
2.3 Extreme Climate Conditions 
Africa is known for having some of the most extreme climates in the world. Throughout the 
continent the climate influences social patterns and living conditions, including in Namibia. But before 
the problems can be fully understood and analyzed, the definition of extreme climates and how they 
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vary throughout the world must be understood. All of this will tie into the people who live in the 
informal settlement of Katutura.   
According to Jaszewski and West (2013) climate is the “long-term pattern of weather in a 
particular area” (para 1), and just as the landscape changes throughout the world, so does the climate. 
The only climates that fit the definition of extreme are polar and dry, the latter of which is found in 
Namibia. According to Jaszewski and West (2013), a dry climate is broken up into two sub-climates: arid, 
and semi-arid, and Namibia contains both arid and semi-arid areas as well as very limited areas with a 
sub-tropical climate (ProQuest, 2009). Although these contrasting climates may seem very unusual, the 
climate throughout Namibia changes depending on location and season. 
 
Figure 3: Average Annual Temperatures in Namibia (Acacia, 2013) 
The coolest temperatures in the country are found on the coast (Namibian Weather, 2013) (see 
Figure 3). When the cool Atlantic waters mix with the hot air of the Namib Desert, it causes fog and cool 
air to sit over the area, resulting in average temperatures between five and twenty degrees Celsius or 
 Background 
9 
 
forty-one to sixty-eight degrees Fahrenheit. As you move inland, the temperatures begin to increase. In 
the capital city of Windhoek, there are average temperatures ranging from six to thirty-nine degrees 
Celsius or forty-two to one hundred and two degrees Fahrenheit, as seen in Figure 4. In addition to the 
temperature changes, the precipitation Windhoek receives is quite low, only coming during the rainy 
season which is November to April. The northern parts of the country receive more rain than the south 
during a normal year. 
 
Figure 4: Average Temperatures (Max/Min) in Windhoek during 2010 ("Windhoek, Namibia," 2010) 
2.3.1 Rain and Its Effects 
 Even though Namibia has a short rainy season, when rain does occur (Figure 5) it tends to be 
violently heavy and can create havoc for those who live in informal settlement shacks; it has even been 
said that for many “rain is their biggest enemy” (Ihuhua & Ikela,  2011, para 4). The reason for this is 
simple: the kambashus (shacks) are made out of corrugated metal and wood that is poorly assembled 
due to lack of resources, leading to many leaks due to pinholes in the roof, and the corners being open 
to the elements. Additionally, there is no actual floor to the dwelling, just the dirt that the shack was set 
on. This lets the flood waters come through, ruining many possessions and in some cases sweeping the 
entire shack away. Even those who have the money to make their kambashu more durable have the 
same problem, because after mending the sides to keep the water out, one resident said that “the 
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showers were just too strong and would burst through” (para. 10). Another effect of the rain is that it 
may make it impossible to cook food, especially during the rainy summer months. Many of the people 
who live in Katutura use wood fires to cook their food, and they will usually not cook inside their 
dwelling for fear of starting a fire. Yet when it rains, they cannot cook outside because of the heavy 
downpours. 
 
Figure 5: Average precipitation in Windhoek throughout the year (2009), (Namibia, 2010) 
2.3.2 Extreme Temperatures and Housing 
 Many first world countries combat extreme temperatures with insulated dwellings, but this is a 
luxury that the residents in informal settlements such as those surrounding Katutura do not have. Since 
there is no insulation, the heat and cold can have damaging effects on the residents throughout the year 
(Kapitako, 2013). The most obvious effect of living in a kambashu is that during the hot summer days it is 
unbearably hot, so much so that many of the residents prefer to just stay outside during the day. Then 
as night falls, it cools off quickly and can be quite cold, especially during the winter months, when 
heating becomes a problem. Most of the time the only relief a kambashu gets from the hot Namibian 
sun is from shade trees or neighboring kambashus’ shadows. The other major problem, but not as 
noticeable, is the health effects on the residents living in kambashus. Since they are constantly exposed 
to such a harsh climate, it can cause people to get ill, and once this happens, the illness, if contagious, 
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can spread over a large area since the whole settlement is densely populated and lacks proper 
sanitation systems. 
 Unfortunately the conditions are not likely to improve for the residents of Katutura because the 
climate changes that are occurring are most likely to affect the less wealthy residents of Namibia the 
most, “with employment opportunities constrained and a substantial decrease in wages” (Reid, Sahlen, 
MacGregor, & Stage, 2007, page iii). This means that the quality of living conditions is likely to get worse. 
As the climate begins to change, the intensity of the precipitation may increase, compounding the 
problem that already exists. Overall, it is very important to study the effects insulation and other 
temperature regulation solutions might have on the kambashus to make the residents’ lives more 
comfortable and healthy.  
2.4 Insulation 
Insulation is a material that controls heat transfer by slowing the rate the heat flows through an 
area (Henkenius, 1999). For insulation to work effectively it must control heat flow with any or all three 
mechanisms of heat transfer: conduction, convection, and radiation. Each type of insulation has an R-
value; a rating to indicate the ability of the material to resist heat flow. When choosing insulation it is 
also important to keep the use of the insulation in mind. There are many factors that need to be 
considered such as weather resistance, robustness, and limiting temperatures, because insulation types 
vary and certain ones will be better suited for particular environments. One type of insulation used in 
modern countries is cellulose (Snow, 2003). It is manufactured from recycled newspaper and magazines 
and is used as loft insulation in frame walls. A concern with this type of insulation, and all insulation, is 
fire safety. Different types of insulation have different fire safety properties, with some being 
noncombustible and some being highly flammable, depending on the characteristics of the insulation. 
With cellulose insulation, boron salts are added to the mixture to improve its fire safety rating. 
According to Worcester Polytechnic Institute Fire Protection Engineering Professor Nicholas A. Dembsey 
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(personal communication, January 24, 2013) salts will ionize and interrupt the steps of combustion, 
which is why salts can be used as fire retardants in various mixtures. 
2.4.1 Insulation Issues around the Globe 
Intense climate coupled with inadequate housing creates thermal regulation problems and is a 
global problem. In northern parts of Pakistan many homes are poorly insulated due to their structure 
(Norford, Glicksman, Harvey, & Charlson, 1999). Many have walls made of stone or concrete and roofs 
that are made up of concrete panels or made simply out of wood and grass. An MIT student developed a 
low cost straw insulation board that could be used in the walls that lacked the hollow space needed for 
loose-fill insulation. In South Africa, a different method is used; in many of the informal settlements 
throughout the country you can find layers of recycled wrapping paper on the walls of the homes 
(Guillaume & Houssay-Holzschuch, 2002).  
2.4.2 Manufacturing of Insulation 
In shacks in Katutura, Namibia, there is often no insulation at all. Such homes are made from 
metal sheets and wooden frames (see Figure 6). 
 
Figure 6: Kambashu Constructed of Wood and Metal 
Unfortunately for the residents of these homes, the metal sheets do not serve as insulation and 
are more harmful than helpful. Due to the characteristics of metal, the sheets are very conductive and 
make the shacks like an oven in the summer and like a refrigerator in the winter. A study even found 
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that inhabitants of homes, such as the kambashus, will spend up to twenty percent of their disposable 
income on space heating in the winter (Mathews, Weggelaar, & Van Wyk, 1999). Insulation is needed in 
order to fix the thermal regulation problem in the homes. 
Due to a lack of resources and high cost, modern insulation such as cellulose is typically not 
available to the kambashu residents in Namibia (Snow, 2003). It is because of the insulating properties 
of paper that a paper-sawdust mix was created by an MSR and WPI research team and was adapted for 
use as a cheap insulation material (Cline, Domingue, Fournier, & Villar, 2012). 
One of the challenges with the paper-sawdust mix for insulation is fire safety (Snow, 2003). Fire 
safety is very important in informal settlements in Namibia due to the fact that fires are a relatively 
common occurrence in these communities. Since most cellulose insulation has boron salts added to the 
initial mix to provide fire protection, the MSR and WPI research team proposed the use of salt in the 
paper block insulation they produced (Cline, Domingue, Fournier, & Villar, 2012). 
2.5 Summary 
Due to high unemployment and rapid urbanization in Namibia, more people are starting to live 
in low-cost housing such as kambashus. Since the climate is so extreme in Namibia it makes it very 
difficult to live in kambashu throughout the year. With an increase of people living in these homes, there 
is a need for research regarding effective thermal regulation, to improve the quality of life for the 
residents. In the following chapter we detail the methods we used to improve thermal regulation in 
kambashus.  
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3 Methodology 
The goal of this project was to create marketable, safe, and cost efficient thermal regulation for 
the kambashus in the Katutura area and thus address unemployment in the informal settlements. To 
achieve our goal, we developed the following objectives: determine the effectiveness of the sheets and 
paint in a volunteered full-scale kambashu using temperature logging equipment, determine the 
demand for the insulation sheets, and determine an effective way to market them. The following 
sections explain how we achieved each objective and detail each method’s purpose and justification. 
3.1 Standardization of the Manufacturing Process 
To complete the first objective of determining the effectiveness of the insulation sheets we had 
to standardize the manufacturing process of the insulation. For the insulation to be mass produced and 
sold, the mixture of paper, sawdust, and water used to create the sheets and the process to make them 
had to be standardized. We used the information collected by last year’s team as a guideline for how to 
create the mixture. Through speaking with the MSR staff we learned that the people in Katutura do not 
have access to measurement equipment to weigh the materials or find exact volumes. Consequently, 
the mixture must be made using common items to measure the ingredients. See Figure 7 for a 
photograph of the insulation mix. 
 
Figure 7: Insulation Mix 
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 The drums that we used to create the mixture were two hundred liter oil drums. We found that 
the original mixture called for one bag of shredded paper; however each such bag of paper had a 
different mass, ranging from 5.5 kilograms to 10.8 kilograms. We decided to standardize the amount of 
paper by equally dividing bags of paper between oil drums. See Appendix H for a full description of the 
standardized mix design.  
3.2 Design of the Insulation Mold and Pressing Mechanism 
After analyzing and studying the shape and properties of the insulation sheets, we found three 
major requirements for the insulation sheets: they must be an effective insulator, fire resistant, and 
easy-to-manufacture. Our first step was to finalize a design for the insulation sheets, and to create a 
design for a pressing mechanism. The design had to allow the sheets to be pressed manually, while 
creating a standard sheet. 
3.2.1 Design of Mold/Pressing Mechanism 
 The first step of the project was to create a design for the mold of the insulation sheets. 
Through research and interviews with various experts, we determined that the design of the mold can 
heavily impact the effectiveness of the insulation sheet. Once the mold was designed, the pressing 
mechanism needed to be developed. To be manually operated, we needed to discover a way to produce 
a large enough compression force to successfully press the sheets. We consulted with various Namibian 
welders to finalize a design for the pressing mechanism. Refer to Appendix E for complete details on the 
mold design. 
3.3 Painting and Securing Insulation into the Kambashu 
 The metal roof of a kambashu is the main source of heating entering during the day. Since white 
paint reflects sunlight and conductive heat, we painted the roof of the experimental kambashu. To 
optimize thermal regulation the paper insulation sheets would act as a thermal barrier. Therefore, paper 
insulation sheets must be suspended from the ceiling of the kambashus to control heat radiation from 
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the roof, as well as increase fire safety (see Appendix M for Fire Safety Explanation and Results). We 
measured the height of various kambashus to find a way to hang the insulation sheets without 
interfering with the residents’ use of the space. Additionally, the design still needed to leave a pocket of 
air between the sheets and the roof to improve the insulation’s effectiveness. After visiting hardware 
stores in the Katutura and Windhoek areas with the owner of the test kambashus, Pius Shambabi, we 
found materials that were well suited for securing the insulation. 
3.3.1 Developing an Installation Manual 
We created a standardized installation method using the material chosen to suspend the 
insulation from the ceiling. To begin the process of creating the manual, we went to kambashus 
throughout Katutura to assess the feasibility of standardization (see Figure 8 for comparison of two 
kambashus).
 
Figure 8: Different Kambashus in Katutura 
During this time we also took pictures of common structures around which the insulation 
needed to be installed (see Appendix C for various pictures of the kambashus). We calculated the 
average height of a kambashu so that we knew how much space was available for the insulation. Once 
all of this was completed, we began the installation on the experimental kambashu while taking pictures 
of the entire process. Since pictures are universally understood, we used these pictures to create a step-
by-step guide for the installation manual (see Appendix I for Installation Manual). 
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3.4 Determining the Effectiveness of the Temperature Regulators 
To establish the effectiveness of the temperature regulators, our team tested both white paint 
and insulation in a volunteered kambashu (experimental) using temperature logging equipment. We 
compared these results with those from a non-insulated (control) kambashus, and to the outdoor 
temperatures. The ability of MSR to market the product to community members is highly dependent on 
the temperature results collected during the time that we were in Namibia, as well as the results that 
MSR continues to collect throughout the remainder of the year. 
3.4.1 Programming and Set Up of Temperature Equipment 
The temperature logging equipment that our team used was the Data Logging Temperature 
Humidity USB HT10 made by General Tools (see Appendix F for product specifications). Our team 
installed the accompanying software onto the computers of the MSR office in Katutura. We did this 
alongside the MSR employees, so that if in the future it must be installed on a new computer, they will 
know how to do so.   
3.4.2 Temperature Logging Equipment in Kambashus 
 Before our team could set up the temperature logging equipment in the two kambashus, we 
surveyed the inside of the kambashus with Pius (see Figure 9 for inside of a kambashu).  
 
Figure 9: Inside of a Kambashu 
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We then provided suggestions on where to place the equipment based on a twenty-four hour 
test in which we positioned the temperature loggers in different locations throughout the kambashu. 
The test ensured that the temperature readings would be useful and representative of the temperatures 
in each kambashu. Using these test results, we established a fixed location inside both of the kambashus 
where the temperature logging equipment was placed. The location of the temperature logging 
equipment was determined using both the test results and Pius’ preference. The sampling rate for the 
temperature logger was set such that a temperature was recorded every minute. 
3.4.3 Kambashu Temperature Analysis 
 To insure that the test results we obtained from the experimental and control kambashus were 
comparable, we placed the temperature loggers in both kambashus before modification. We left the 
temperature loggers in the two kambashus over the course of a week and analyzed the data. This 
allowed us to determine the initial temperature difference between the test and control kambashus 
before the roof was painted and the insulation was installed in the test kambashu. The temperature 
equipment was retrieved on a weekly basis to extract and analyze the data. 
3.5 Promotion of the Insulation Product 
 For the project to be successful, there needed to be sufficient demand and knowledge of the 
product. Some of the challenges that we faced were how to advocate the product and how to 
determine the demand. The community members need to understand what the insulation product is so 
they know the advantages it can bring them and how to use it. An important goal of MSR, and thus 
indirectly of this project, was to create jobs for the unemployed. To ensure a continued demand for the 
product, there needs to be a viable market. We used community meetings and interviews to gauge the 
potential market. 
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3.5.1 MSR Community Meetings and Interviews 
 Community meetings and interviews were necessary to receive feedback from residents and 
demonstrate how the product works. The MSR office held two community meetings during our time in 
Namibia. The first was held on March 26th at MSR in order for us to see how a community meeting is 
conducted. We met with MSR members after the meeting to build a relationship and gain their trust. 
The second MSR community meeting held on April 23rd was dedicated to informing the members about 
our findings, how we had installed the insulation in one kambashu, and we asked their opinions on the 
product. 
Throughout our visits to Pius’ kambashu we discussed the thermal regulators with his family and 
friends. We discussed potential prices for both the insulation material and installation method, and we 
tried to determine informally how many people would be interested in purchasing insulation sheets. 
Additionally, we received testimonial from the people living in the experimental kambashu as to how 
well they thought the thermal regulators were working. We used all of this information to gauge the 
demand for the product and to develop a marketing strategy. 
3.6 Summary 
The development of the thermal regulation methods for the people of the Katutura area was 
not a simple task. Our methods were to design a press/mold, standardize the mix design, test the paint 
and insulation’s effectiveness, interview community members to further understand the potential 
market demand for the product, and analyze the sustainability of the insulation project. In the next 
chapters we present the results of our research and what conclusions and recommendations we arrived 
at based on our research. 
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4 Results and Analysis 
We developed a thermal regulation method for the kambashus in the Katutura area that is 
comprised of white paint and a manufacturable paper insulation product. In this chapter, we present 
results on the effectiveness of the paper insulation sheets and paint while also providing some cost 
estimates for the materials. There are three sections: the manufacturing and implementation process, 
the effectiveness of the thermal regulators, and the demand/market for thermal regulators.  
4.1 Manufacturing and Implementation Process 
 For the project to be sustainable we needed to standardize the manufacturing and 
implementation process of the thermal regulators. Through various trials, we determined the final mix 
design, mold design, and implementation plan. The sections below outline the results on how the 
insulation mix and sheets were created, and how the insulation and paint was implemented in the 
experimental kambashu. 
4.1.1 Insulation Mix Design 
We created a standard mix of recycled shredded paper, sawdust, and water that gave us the 
strongest and most durable paper insulation sheet with the most practical design. This was important 
because the product will be used throughout Katutura, and therefore it needs to be easily reproduced, 
installed, and maintained. The materials used for the mix were determined by MSR and the previous 
WPI project team. The paper insulation is made up of shredded paper, sawdust/wood shavings, and 
water (see Figures 10 and 11). During our testing of the mix, we found that only shredded office paper 
can be used for the mix. Any other paper, especially newspaper, creates a mix that is unstable when 
pressed. 
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Figure 10: Shredded Office Paper 
 
Figure 11: Sawdust/Wood Shavings 
         In addition to having a mix that gave us a durable and strong sheet, we also wanted to standardize 
the mix design for easy reproduction. We began with the previous WPI team’s mix design, which was 
one garbage bag of shredded paper and four 10L buckets of sawdust added to a 200L oil drum. This was 
then saturated with water, and it sat for two to four days. When we attempted to recreate the mix, as 
previously defined, we found that each bag of paper had a different mass, which would result in a 
different mix composition for each batch. To standardize the mix, we divided four bags of paper among 
four 200L oil drums using ten liter buckets, which meant adding 20 buckets of shredded paper to each 
drum. We standardized the amount of water by saturating the paper until the water reached the second 
groove from the top in the oil drum (about 150L or approximately three quarters of the drum, see Figure 
12). Since the oil drums are standardized and all have this groove in the same place, using the groove 
was an easy way to standardize the amount of water (see Appendix G for Full description of 
Standardized Mix Design).  
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Figure 12: Finished Insulation Mix 
4.1.2 Mold/Press Variations and Final Design 
While working with the insulation mix and multiple welders in Namibia, we encountered many 
challenges with the original sheet design that we had developed. It went through many different trials 
before a finalized sheet and press design were made. The following section details the changes to the 
original design and provides explanations on the new designs of the insulation sheet and the mold and 
its pressing mechanism.  
After working with the final mix design and the sample mold created at CMW Welding, we 
determined that the original design with interlocking steps would not work with the mix (refer to 
Appendix K for original design). The appendage on the sheets meant to assist with the interlocking was 
too heavy and broke off with each attempt to remove a sheet from the mold. Attempts were made to 
support the appendage, but it was too time-consuming and difficult, so we changed the design of the 
sheets. 
We subsequently determined that the sample mold created at CMW Welding was not made to 
the correct specifications. The dimensions were not correct for crucial parts of the sheet, meaning that 
even if we could support the appendage, the sheets would not have interlocked correctly. We thus 
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decided to contact a new welder, Marti Nambuli, a member of MSR, to create a press for the newly 
designed sheets. 
The new design was a simple rectangular sheet, chosen because we could achieve similar 
insulating properties as originally intended, while creating a sheet that would be easier to press and dry. 
The new design requires sheets that are smooth and rectangular, and gives us the option to create 
thinner sheets if needed. 
The final press design was created by Marti Nambuli and was designed to create a rectangular 
sheet (refer to Appendix E for the final press design). 
4.1.3 Implementation of Thermal Regulators 
There needed to be a simple and low cost method to implement both the paint and the 
insulation. This section includes measurements of the kambashus being used for the large scale testing, 
information about the materials we chose for installation, and the final process that was carried out to 
implement the thermal regulators. Table 1 shows a cost breakdown of our installation method. 
Table 1: Installation Material Cost 
Material Quantity Unit Price 
(N$) 
Total Cost 
(N$) 
Use Description 
Wood (1.8 meters) 20 46.90 /piece 938 Supports for the insulation sheets 
Hack Saw 1 38.27 38.27 Cut wood and insulation sheets to fit 
in kambashu 
White Paint 2 73.33/liter 146.66 Paint roof of kambashu to reflect 
sunlight 
  
Total Cost 1122.93 
 To determine the appropriate quantity of materials and the approximate number of insulation 
sheets, we measured the experimental kambashu, which consisted of two rooms, each with a different 
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function and size. The first was a family room with a ceiling area that is approximately 5.8 m2. The 
second room was a bedroom with a ceiling area that is approximately 6.8 m2, for a total area between 
the rooms of 12.6 m2. Figure 13 shows a basic floor plan of the experimental kambashu. We also used 
this measurement to determine how much paint would be needed to cover the roof. 
 
Figure 13: Blueprint of the Kambashu 
4.2 The Effectiveness of the Thermal Regulators 
The effectiveness of the thermal regulators was demonstrated through testing in a full-size 
kambashu. After creating an optimal mix design and shape of the sheets, we placed the temperature 
loggers, painted the experimental kambashu’s roof, and installed the insulation, while recording data 
using the devices. The sections below outline the results on how effective the insulation and paint were 
as temperature regulators. 
4.2.1 Temperature Data Analysis 
To determine the effectiveness of the paint alone, and the paint and insulation together, we 
collected temperature data inside the experimental kambashu. The temperature loggers recorded the 
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temperature changes in the control and experimental kambashus. To determine the effects of the 
location of the loggers inside the kambashu, we ran a twenty-four hour test in which we placed both 
temperature loggers in one kambashu. One was positioned in the middle of the room on a table, and 
using a magnet the other was placed on the metal ceiling. From this temperature data we concluded 
that if the temperature logger was placed on the ceiling, the temperature of the metal ceiling was 
recorded rather than the room temperature (see Figure 14 for a temperature comparison graph).  
 
Figure 14: Temperature Comparison between Table and Ceiling Temperatures versus Outside Ambient Temperatures 
We also decided that we did not want to place the temperature loggers in a high traffic area of 
the kambashus because the number of people in a room, cooking, and airflow could affect the 
temperature readings. After discussing the problem with Pius and his family, they informed us the best 
place to put the temperature loggers was in the bedroom area of the experimental and control 
kambashus because they have the least disruption of temperature due to the problems outlined above.   
Results and Analysis 
 
26 
 
To determine the baseline temperature difference between the two kambashus we collected 
temperature data over the span of six days before modifications were made to the experimental 
kambashu. Looking at 24 hour periods we found a common baseline temperature difference during the 
daytime peak temperature. By analyzing the difference of each kambashu to the outside temperature, 
we were able to determine that there was a negligible difference in the kambashus during the nighttime 
peak low temperatures of the day from 3:00 to 6:00. Analysis of the peak high temperatures from 12:00 
to 15:00 showed about one to three degree Celsius difference in the kambashus. We later used this data 
to ensure that we knew how much our thermal regulators were affecting the experimental kambashu. 
See Figure 15 for the temperature comparison baseline test.
 
                                        Figure 15: Pre-Thermal Regulation Temperature Comparison of the Kambashu 
The first thermal regulator was white outdoor paint applied to the roof of the experimental 
kambashu. We chose oil based white exterior paint because white is a good reflector of the sun’s rays. 
Since a majority of the heat is conducted through the roof of the kambashu, we hypothesized that by 
painting the roof white, it would reduce the amount of heat energy being absorbed by the corrugated 
 
Results and Analysis 
 
27 
 
metal. After several days of testing we found that the painted kambashu was cooler inside than the 
control, which was supported by testimonials from Pius’ family stating that they felt a noticeable 
difference throughout the day and night. Their claims were supported by the data that we collected 
from our temperature data loggers (see Figure 16). 
 
                                    Figure 16: 24 Hour Test Results after Painting the Roof of the Experimental Kambashu 
Once painted, the experimental kambashu was significantly closer to the outside temperature, 
hence cooler than the control kambashu. Also, unlike the baseline test, there were no points at which 
the control and experimental temperatures were the same. At some points it was even cooler than the 
outside temperature (from 7:00-10:00), which did not occur during the baseline test. This suggests that 
white outdoor paint is a good thermal regulator against heat. 
 The next method for thermal regulation was the paint and insulation combination. The 
insulation as a whole allowed for the temperature in the kambashu to take longer to reach high 
temperatures and kept the kambashu warmer at night (refer to Appendix L for all temperature graphs). 
Overall the insulation did make it warmer in the kambashu than with just the paint alone. The 
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temperature never exceeded that of the control kambashu during the peak high temperatures, but did 
keep the kambashu warmer at night, which is desirable during cooler times of the year. 
 We calculated the differences between the control and experimental kambashus compared to 
the outside temperature to provide more information on how effective the paint and insulation are as 
thermal regulators. Figure 17 displays the differences in the control and experimental kambashus to the 
outside temperature during the warmest part of the day from 12:00 to 15:00. The paint alone is much 
closer to the outside temperature compared to pre-painting and the paint plus insulation. 
 
Figure 17: Difference during Peak High Temperatures 
Figure 18 displays the differences in the control and experimental kambashus to the outside 
temperature during the coolest part of the day from 3:00 to 6:00. At this time of day, the insulated 
kambashu is warmer than the control. This indicates that the insulation is a good thermal regulator 
against the cold. 
 
 
Results and Analysis 
 
29 
 
 
Residents from neighboring kambashus stated the temperatures in the kambashus range from 
very hot to very cold however, the combination of the insulation working in conjunction with the paint 
seems to provide a good way to regulate the temperature in a kambashu throughout the year. However, 
a longer time frame of testing needs to be completed to confirm this conclusion. 
4.3 Demand/Marketing of the Thermal Regulators 
 The thermal regulation methods we tested appear to be an effective solution for temperature 
regulation in kambashus. Since the main goal of MSR is creating employment opportunities for 
unemployed men, we wanted to gauge what people thought of the product, how interested they would 
be in putting it in their own homes, and what opinions people had of the product that would help with 
marketing in the future. We accomplished this through MSR community meetings and interviews, which 
allowed us to inform MSR about how successful a paper block insulation business could be. 
Figure 18: Difference during Peak Low Temperatures 
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4.3.1 Good Morning Namibia 
 Towards the end of our time in Namibia, Pius was asked to go on Good Morning Namibia to 
discuss his success story. After speaking with Pius and Janet, the producers decided to give us our own 
time slot on the show. We spoke for roughly ten minutes regarding our project and the potential affect 
it has for the residents in the informal settlements. The show is broadcasted across the entire country 
and was a great way to begin marketing the thermal regulation methods for kambashus that we have 
researched. 
4.3.2 MSR Community Meetings 
MSR held two community meetings during our time in Katutura. Each meeting was attended by 
about fifteen to twenty MSR members who live throughout Katutura and had three to five presenters. 
The first meeting was on March 26th, at which we briefly described who we were, why we were there, 
and that we would have results regarding the insulation at the next community meeting, which was held 
April 23rd. During the second meeting we discussed our results with the community members and 
answered questions regarding the sheets. We found that many of the community members were 
interested in the insulation after our presentations, with some even asking for extra sheets to insulate 
their kambashus. The only major problems that the MSR members found with the insulation were using 
the wood rafters to install the sheets, and the size of the sheets. Many of the people wanted to know if 
the insulation sheets could be made larger so that fewer wood rafters would have to be used during 
installation, reducing cost. We informed them that if the sheets were made larger it would be too 
difficult to work with during the initial phases of production and drying. Additionally, we encouraged 
them to look for different installation methods since our time in Namibia was limited and we had to use 
a method that was quick, easy, effective, and relatively cheap. 
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4.3.3 Interviews 
 In addition to community meetings, we wanted to know how Pius’ family felt about the thermal 
regulators. By gathering the opinions of the residents of the experimental and control kambashus, we 
were able to obtain meaningful qualitative data. Pius’ family expressed that the difference in the two 
kambashus was noticeable to them. They said that it felt cooler and more comfortable especially at 
night providing them with better sleeping conditions. They also indicated that the temperature was 
“neutralized” meaning that it never was too hot or too cold. 
In addition to interviewing the residents of the experimental and control kambashus, we 
interviewed residents of neighboring kambashus. From these interviews we hoped to determine a 
potential level of demand for the product and a way to potentially market it in the future. During one 
interview we asked if the residents would be willing to invest in something like the insulation in the 
future, and they seemed resistant to the idea. At this point we encouraged the residents to visit the 
experimental and control kambashus. Once there, they felt the difference between the two kambashus, 
and then the residents asked how much the insulation would cost and how to install it. This emphasized 
the idea that the people of Katutura wish to see something working before they are willing to invest in 
it. Another resident who was interviewed had heard about the project from Pius and visited his 
kambashu to see the insulation. Her family also wanted to know how much the insulation would cost 
and when they could have it installed in their kambashu. This instance helped to enforce the idea that 
word of mouth from known members of the community will give a product more credibility. After 
analyzing our results we have developed a series of recommendations for MSR and future researchers, 
which are outlined in the following chapter.   
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5 Conclusions & Recommendations 
 From our group’s analysis of the data collected, we have provided recommendations for MSR 
and future research teams to ensure the continued success of this line of research. We have broken our 
conclusions and recommendations into three sections: effectiveness of the thermal regulators, 
marketing, and recommendations for future research. 
5.1 Effectiveness of the Thermal Regulators 
 We recommend that MSR continues to encourage the community members in the Katutura 
area to use our thermal regulation methods. 
The living conditions in Kambashus are extremely uncomfortable because of the harsh climate in 
Namibia. To increase the quality of life in the kambashus, residents should invest in thermal regulators 
such as paint and/or paper sheet insulation. These methods are relatively inexpensive for the kambashu 
residents and can be easily implemented. 
 We recommend that MSR continues to collect temperature data for a full year in the 
experimental kambashu. 
  The more data that is collected, the more accurate the determination of the effectiveness of the 
thermal regulators will be. Additionally, this will give MSR an idea of how well the thermal regulators 
work during the coldest and warmest time of year. 
We recommend MSR paint the roof and any walls of a kambashu that face the sun, and 
conduct testing. 
During our research we found that white outdoor paint was a cheap and effective way to reduce 
the heat inside of a kambashu. Since heat is a major problem for the kambashu residents, MSR should 
test what happens when all sides of the kambashu that receive sun are painted white. We hypothesize 
that this will decrease the temperature inside the kambashu and increase how comfortable the 
kambashu is during the day. MSR should also find the effect of the paint during the winter time without 
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any insulation in the kambashu to ensure that the paint does not make it uncomfortably cold for the 
residents. 
5.1.1 Creation of Sheets and Installation Method 
We recommend that MSR only use shredded office paper for the creation of the insulation 
sheets. 
During the initial creation of the sheets, we used various types of shredded paper to create the 
mix, such as newspaper. Once we began making the sheets we found that any sheet made with a 
material other than office paper was too unstable to press and dry. 
We recommend that MSR construct a drying rack for the insulation sheets. 
The sheets were dried by laying them on a black tarp on the ground in the sun. It took four to 
five days of strong Namibian sun to dry the sheets, and the sheets were flipped halfway through to 
complete the drying process. Additionally, due to the uneven surface of the earth many of the sheets 
were slightly warped and had minor defects from rocks and other items underneath the tarp. A rack 
similar to a cookie drying sheet should be made, allowing both sides of the sheet to dry simultaneously, 
thus reducing drying time. The drying rack would also stop any warping and defects from occurring 
while drying when the sheets are still wet and pliable. We recommend this drying rack also include a 
roof to protect the sheets from the rain that does not impede the drying process. When the sheets had to 
be covered with a tarp to protect them from the rain, none of the moisture was able to escape. We 
suggest designing and constructing an elevated metal roof to sit above the drying rack. 
We recommend that kambashu residents or future researchers investigate alternative 
methods for installation of the insulation sheets. 
The installation method using the wood rafters to support the insulation sheets was the easiest 
and fastest method for our team to use for the limited time we had. However, some MSR members 
raised the concern that wood may not be the best option for some residents. More research should be 
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completed, primarily by the kambashu residents, to find other methods to suspend the insulation. The 
kambashu residents would be best for developing new methods to install the insulation because many 
of the residents constructed their home and know the easiest to access and least expensive materials 
and the best methods for constructing and adding to their kambashus.  
5.2 Marketing 
We recommend that MSR help their members create a startup paper insulation business. 
Our results from the testing indicate that paint and the insulation sheets help to effectively 
regulate the temperature inside a kambashu. MSR should encourage members to create a stockpile of 
the insulation sheets. Once the stockpile is complete, the members can sell the sheets to interested 
customers. MSR can also rent the pressing mold to those members wanting to start a paper insulation 
business. By doing so, they can advise their members during the startup phase of the business. In 
addition to advising their members, MSR can continue to provide waste office paper to members. We 
recommend that MSR establish the price of one insulation sheet. This will create a standard for the new 
market, while making sure that those interested in the business will have a profit margin. 
We recommend that MSR work in conjunction with other organizations to increase interest 
and awareness in the paper insulation project. 
 From our discussions with different organizations, we found it is very difficult to successfully 
advocate a new idea in Katutura. For the paper insulation business to succeed, it is important for MSR to 
work with organizations such as KAYEC (a vocational training school in Katutura) and the Solar Bottle 
Project (refer to Appendix B for a description of the Solar Bottle Project). These groups and MSR have 
similar goals, and by working together they can increase the interest collectively. Additionally, we have 
found that word of mouth is one of the most effective ways to market a product in the informal 
settlements. By working with other organizations, the awareness of the insulation product will grow, 
and therefore increase overall knowledge about it in the community.  
Conclusions & Recommendations 
 
35 
 
We recommend that MSR find a volunteer in each of the suburbs with informal settlements in 
Katutura to paint and insulate their kambashus. 
The Katutura area contains approximately ten to fifteen suburbs with informal settlements such 
as Havana, Hakahana, One Nation, Okahanja Park, Greenwell Matango, and Okuryangaya. The only 
painted and insulated kambashu is currently located in Hakahana. Community members have 
mentioned that they need to see and feel the effects of adding the paint and insulation to a kambashu 
in order to believe and take interest in it. Having at least one kambashu insulated in each of the informal 
settlements allows everyone in the Katutura area to have the opportunity to see and feel how well the 
thermal regulators work. This will increase the interest in the paper insulation project and will positively 
affect those MSR members attempting to make a business from it. 
We recommend MSR use Municipality meetings to continue to market the paper insulation 
project, and encourage them to explore new options to market to the community. 
The paper insulation project was afforded a great opportunity when it was presented on “Good 
Morning Namibia”, which reaches the entire country. This show sparked interest in the project but MSR 
needs to continue to market the product using Municipality meetings, which happen once a month in 
the informal settlements and have 700-1000 attendees. During our limited time here it was impossible 
to find all the possible ways to market to the residents of the Katutura area, so MSR should continue to 
research what would be the most effective way to market the paper insulation sheets. 
5.3 Recommendations for Future Research 
 We recommend using Marti Nambuli for all future welding needs. 
  Originally we went to a different welder in Windhoek for our mold design. After a two week 
delay in getting our mold, and then finding out it was not made to the appropriate specifications, we 
searched for a new welder. We found Marti, who is a member of MSR. He delivered us our new molds in 
a few days and is an extremely hard worker. 
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  Additionally, he gave us other ideas for the insulation sheets. One idea was to sand down part of 
the sheet and put ceiling filler on it to make them more aesthetically pleasing and easier to work with. 
We recommend that further testing be done with the ceiling filler. The thermal, fire resistance, and other 
properties should be investigated to see if the filler would be viable to use in the kambashus. A cost 
analysis should also be done to see if it is feasible to put the filler on and still have a cost per sheet that 
is still appealing to the general informal settlement community. 
 We recommend that any sawdust needs regarding the insulation mix go through VTC. 
VTC is a company in Windhoek that MSR’s intern, Vinia, recommended to go to for sawdust. 
Upon arrival we found that they had an excess of sawdust and were happy to provide us with as much 
sawdust as we wanted. Since sawdust is an important part of the mix and can be difficult to find, an 
arrangement with this company should be made by either MSR or the startup paper insulation company 
that MSR is advising. 
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Appendices 
Appendix A: Sponsor Description 
According to the Bureau of Unemployment Rates (2012), Namibia had a population of 
approximately 2,000,000 people as of 2006, and at the same time roughly 40% of their population was 
unemployed, which means that about 800,000 people had no jobs. Many of the unemployed gather 
daily in “sites” where they are picked up for various basic labor oriented tasks (Men on the Side of the 
Road (MSR), 2013). Many years before, seeing a similar trend in South Africa, during the year 2001 a 
group of citizens decided that this statistic needed to change and created the non-profit organization 
Men on the Side of the Road, which aims to help the majority of those who are unemployed. In both 
South Africa and Namibia this consists of men who range from age sixteen to sixty-five who “gather on 
the side of the road each day, come rain or shine, waiting in hope for contractors, homeowners, or 
anyone who can offer them a job” (para 6). Since many of these same men only have a very basic 
education, they are easily taken advantage of by the employers who come to seek their labor. 
 MSR works to improve these men’s lives by not just helping them find a job, but by giving them 
the tools to succeed (MSR, 2013). When someone first comes to MSR looking for help they go through a 
process which will ultimately make it easier to find them an appropriate job match. Upon completion of 
a membership form, members are tested on the skill sets they claim to have and given a rating of one to 
five with one being the lowest level of skill and five being the highest. After all of that, the member is 
given a laminated membership card, which they keep with them so employers may give reviews and 
suggestions to MSR after a person is finished working with them. To place the many members of MSR 
into a job the placement officer must “sell” that particular man’s skill set to an employer, and they do 
this through the many networks that they have established through their twelve years of existence. MSR 
doesn’t just provide job opportunities; whenever possible they also take the time to train the men to 
improve their skill sets or to give them new ones that may make them more employable in the future. 
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 Similar to South Africa, the neighboring country of Namibia was facing many of the same 
problems that the MSR team in South Africa had; high unemployment rates with people gathering at 
“sites” in the hundreds looking for jobs (MSR, 2012). At the Eros NG Kerk Church in Namibia, many 
unemployed men gathered opposite the church waiting for work (MSR, 2011). The people of the church 
wanted to do something about it, so in 2006 Men on the Side of the Road was officially started as a 
“social franchise” of the MSR group that was so successful in Cape Town, South Africa. This new 
franchise’s main goal was aimed at “connecting unemployed people with jobs and training 
opportunities” (Para 3). 
In 2007, distinguished dignitaries and unemployed men waited anxiously for the former Minister 
of Labour Honorable Alpheus !Naruseb to officially open the first work site sponsored by MSR in Eros 
(MSR, 2011). On the same day an MSR office in the Maerua Mall in Windhoek, Namibia, opened its 
doors for the first time.  The initial three staffers connected eighty-six people with job opportunities 
throughout the year. Realizing the need for continual improvement, the following year MSR began 
training people in basic money management skills, which is critical for those with few resources. As they 
began to grow, MSR persuaded The Pinnacle Metropolitan Empowerment Trust to fund their first ever 
vocational training, which increased their job connection number to two hundred seventy. 
As MSR (2011) continued to grow in Namibia the realization came that they needed more funds to 
continue to provide the services they wanted to, so in 2009 MSR applied for and achieved welfare 
organization status (WO348), which would allow for much more funding to come through their doors. In 
addition, MSR’s board of directors felt that their office location in Windhoek was too far from the 
people whom they were trying to help and moved the main office to Katutura, where they ran a basic 
literacy class for ten of their members, connected one hundred ninety-two people with jobs, and finally 
developed their six step approach to training. Between 2009 and today MSR has succeeded in getting 
the Bank of Windhoek to sponsor them to increase their number of job sites.  In addition, they opened a 
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Drop-In Center where more than three hundred visitors have passed through, and most recently added 
a computer center with five working and networked PCs, including a screen that can be used for training 
by an instructor. Today the office in Katutura is run by three employees who continually strive to help 
the residents find employment. 
 MSR (2012) is run completely by a board of directors that is comprised of people from the many 
businesses, government organizations, and other funding sources, all of which work in conjunction with 
MSR. The Board of Directors is as follows: Mr. Johan Swanepoel-Group Managing Director, Rev. Fourie 
van den Berg-Senior Pastor, Ms. NagulaUaandja-Partner/Director at PricewaterhouseCoopers,  Mr. Jerry 
Elago-Businessman, Mrs. GidaSekandi-Executive Director, Mr. Herman Mans-Chief Executive Officer, Mr. 
HenkSchoeman- Chief Executive Officer Schoemans Office Systems, Dr. HyltonVillet- Managing Director 
of Gijma Information Technology Services, and Mr. Johny Smith-Business Development Executive Walvis 
Bay Corridor Group. These same people who sit on the board provide the budget for MSR, which 
changes on a yearly basis and is strictly dependent on the donations that they receive and any grants 
that they apply for. The board of directors’ job is to keep MSR running smoothly and efficiently so that 
the many unemployed men in Namibia may continue to reap the numerous benefits offered by this 
invaluable organization. 
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Appendix B – Solar Bottle Project 
In 2002 Alfredo Moser revolutionized green technology in lamps with a simply and yet very 
effective light source (Ehlers, 2013).  Moser’s design used a water filled PET bottle, with a few drops of 
bleach to reduce microbial growth, suspended in the roof of his factory in Brazil to provide light during 
power cuts. The bottles can produce 60 watts of light, equivalent to that of a typical incandescent light 
bulb. In 2011 German Hendrik Ehlers discovered this technology and adapted it to the Namibian Solar 
Bottle Project to help with his campaign to limit the number of fires in informal settlements in Namibia, 
thus saving the lives of children who are often victims of these fires.  
Ehlers’ design is similar to Moser’s original design for the bottle.  Ehlers uses a plate of 
corrugated metal to create a mountable bottle with a teethed hole so there is no fear of the bottle 
falling through the roof (Ehlers, 2013). Once this is done a hole is cut in the roof of the shack and the 
bottle is placed though the hole (see Figure 19).  Once the plate is fixed to the roof using screws or pop-
rivets the final step is to use silicon around the edges to water proof the new lamp. 
 
Figure 19: Installed Solar Bottle (Ehler, 2013) 
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The next step for Ehlers was to market the product to Namibia. While trying to spread the Solar Bottle 
Project, Ehlers learned that that the people he hoped would benefit from this project would not accept 
the product until they saw it working (Ehlers, 2013).  For this reason he created a demo shack on wheels 
that could be taken to various informal settlements to show the people how the product works.  
According to Ehlers (personal communication, March 14, 2013), the Namibian Solar Bottle project has 
reached over 5000 people today, and is continuing to grow. 
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Appendix C – Miscellaneous Pictures 
 
Figure 20: Inside of a Kambashu 
 
Figure 21: Bedroom in Kambashu 
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Figure 22: Kambashu Living Room         
 
Figure 23: Kambashu Roof 
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Figure 24: Kambashu Rafter Waterproofing              
 
Figure 25: Hakahana, Katutura        
 
Figure 26: Kambashu Waterproofing 
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Figure 27: Kambashu Bedroom            
 
Figure 28: Kambashu in Katutura
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Figure 29: Hakahana, Katutura 
Appendix D –Community Interviews 
This appendix contains the questions and responses from interviews with kambashu residents in 
Hakahana. These questions were asked of Pius’ family to gain testimonial for how the thermal regulators 
were working. Other questions were geared toward the future marketing of the thermal regulators. 
 
Experimental Kambashu Resident  
 Could you and your family feel a difference in the (painted and insulated) kambashu? 
o It is cooler and the overall temperature has been “neutralized”. It never gets too hot or too cold 
now.  
 If you had to buy the insulation and paint would you? 
o Yes because now I have seen that it has worked and makes the kambashu more comfortable.  
 Have there been any problems with the insulation? 
o No. It has been fine. It does not smell anymore and does not shed. Some people are concerned 
about mice living between the insulation and roof but there has not been anything to worry about.   
 She also made a comment that many neighbors have come to see why we (WPI students) were 
hear and what we have done. She said that everyone was very interested in the insulation and some 
even wanted it in their kambashus.  
 
Neighbors of Pius (Two adult females) 
 We explained what that our project for school was to help cool and warm kambashus using 
paint to block the sunlight and insulation sheets made of paper, sawdust/wood shavings and water to 
keep the warmth in. We also brought an insulation sheet to show them what it was. 
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 Their responses were that they saw us often and were curious so she went over to Pius’ and saw 
the insulation and felt how it worked.  
 Is there was a need for the paint and insulation? 
o Yes. It becomes very, very hot so much so that we cannot sleep in here and we want to go sleep 
in a nearby tree. It also gets very cold in May, June and July also making it difficult to sleep.  
 They proceeded to ask us how much it would cost and when could have it done in their 
kambashu. We could not provide an answer as to the cost of the sheet but we told them to keep in 
contact with Pius for more information about the cost for insulation. 
 
Neighbor of Pius (Adult male) 
 We explained what that our project for school was to help cool and warm kambashus using 
paint to block the sunlight and insulation sheets made of paper, sawdust/wood shavings and water to 
keep the warmth in. We also brought an insulation sheet to show them what it was. 
 Is there was a need for the paint and insulation? 
o Oh yes it gets very warm as you can see. But it also is cold at night and during the winter 
months. 
 He had also gone to Pius’ to see how it worked and was pleased. He was very interested in the 
paint as well and wanted to paint his.  
 He also questioned if the sheets could be made bigger so he could use less wood but we 
explained how it would not be possible because the sheet will break after it is pressed if it much larger.  
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Neighbor of Pius (Two adult females) 
 We explained what that our project for school was to help cool and warm kambashus using 
paint to block the sunlight and insulation sheets made of paper, sawdust/wood shavings and water to 
keep the warmth in. We also brought an insulation sheet to show them what it was. 
 Is there a need for the paint and insulation? 
o It is hot but we get used to it after living here for many years. 
o It can be bad but we just stay outside. 
 They were very skeptical of the thermal regulators and were having a hard time picturing it 
inside their kambashu and they did not understand how we installed it. 
 Have you seen the insulated and painted kambashu up the road? 
o No, but we will go look. 
 We brought them to the experimental kambashu and asked them to touch the ceiling of the 
control kambashu. They were very surprised how hot it was. Then they touched the ceiling of the 
experimental kambashu and were equally surprised how cool it felt. They then looked at how the 
insulation was installed and went into the bedroom to feel the effects. They also spoke with the people 
who lived in the kambashu. After that she asked when it could be installed in her kambashu. 
 Would you ever pay for the insulation sheets? 
o Yes now that I understand what it is and saw it I would. 
o Who will be selling the insulation? 
 We told her that Men on the Side of the Road will be taking over the project once we leave. 
They hope that some of their members will make insulation as a business. 
o I want to join the project. I do not have a job right now but have many children. I will work on 
the project, and make and sell the sheets. 
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 We told her to talk with Pius and Men on the Side of the Road for more information because 
this is still the beginning of the project and we had to see if it would work before anyone could sell the 
sheets. 
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Appendix E – Final Press and Mold Design 
Full Assembly 
 
Figure 30: Final Press Design 
The finalized design for the sheet was determined to be a rectangle 42 centimeters long, 22 centimeters 
wide, and 5 centimeters tall.  The final press design to create this sheet consists of the following parts as 
seen in Figure 30: 
 Interchangeable top and bottom plates 
 Outer walls and lever arms 
 The plate removing peg 
Outer Walls and Lever Arms 
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Figure 31: Base of the Pressing Mold 
The outer walls and lever arms serve two purposes.  The outer wall holds the mix in to create the sheet 
shape, while the lever arms are used to create the compression force needed to create the sheets. The 
outer wall and lever arms were designed as one unit (see Figure 31). The lever arms are built into the 
ends of the walls and were also created in such a way that the arms can cross over each other as seen in 
Figures 32 and 33. 
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Figure 32: Close View of Pressing Arms 
 
Figure 33: Pressing Arms Folded 
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Figure 34: Bottom Lip of Mold 
As seen circled in Figure 34, the lip on the bottom of the walls prevents the bottom plate from falling 
through while also providing an area on which the plate can be pressed preventing the walls from 
moving. Perhaps the most crucial part of the lever arm is shown in Figure 35. This peg is what allows for 
the compression of the top plate creating the sheet at the desired thickness of 5 centimeters. 
 
Figure 35: Pressing Peg 
  
Appendices 
 
58 
 
Top and Bottom Plates 
The top and bottom plate are interchangeable sheets of the same dimensions.  One plate is placed 
inside the mold before the mix is added and then the other is placed on top once the mold is filled.  The 
top plate connects with the lever arm pins and is compressed leaving the desired sheet.  The plates both 
have holes in them to release the water as the sheet is pressed.  Figure 36 shows one plate. 
 
Figure 36: Pressing Plate 
Plate Removing Peg 
The plate removing peg is simply for the assistance of removing the top and bottom plate from the 
press, when there is no mix inside.  Figure 37 demonstrates the peg in use. 
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Figure 37: Removing the Pressing Plate 
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Appendix F – Temperature Logging Equipment Product Information 
The temperature equipment used for recording the temperatures in the control and insulated 
kambashus every week is the Data Logging Temperature Humidity USB HT10 made by General Tools 
(Figure 39). It contains a USB port for easy data transfer from the device to the computer. It is powered 
by 3.6 Volt Lithium-Ion Battery that has a life of one year. The dimensions are 126 x 28 x 51mm and 
weighs less than 200 grams. The temperature logger can record up to 16,384 points of data ranging in 
temperatures from -35° C to 100°C. The sampling rate can be specified to record a temperature at a 
variety of time intervals.  When the data is imported into a computer the data goes into excel for simple 
analysis.  
  
            Figure 38: Data Logger Recording Tool 
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Appendix G– Full Description of Standardized Mix 
What You Will Need: 
1. Shredded office paper 
2. Wood shavings/sawdust 
3. 200 Liter Oil Drum 
4. 10 Liter Bucket 
5. Water 
6. Something to mix with (such as a large stick) 
Process: 
1. Using the 10 Liter bucket, loosely fill it with office paper and add to the oil drum. Add a total of 
20 buckets. 
 
Figure 39: 10 Liter Bucket 
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Figure 40: 10 Liter Bucket Full of Shredded Office Paper 
2. Using the 10 Liter bucket, loosely fill it with wood shavings/sawdust and add to the oil drum. 
Add a total of 4 buckets. 
 
      Figure 41: 10L Bucket Full with Wood Shavings 
3. After all materials are in the drum, while mixing, fill the oil drum with water to the second 
groove from the top. 
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Figure 42: Oil Drum being Filled with Water 
 
Figure 43: Complete Initial Mix 
4. Let the mixture sit for 2-4 days, stirring at least once a day. At the end of the sitting period, the 
mixture is ready for use (See Appendix H for How to Make an Insulation Sheet). 
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Appendix H –How to Make Insulation Sheets 
HOW TO MAKE AN INSULATION SHEET 
Once the mix is prepared (see Appendix G on how to make the mix) it is time to make the insulation 
sheets. 
WHAT YOU WILL NEED: 
1. Mixture 
 
Figure 44: Insulation Mix 
2. Wheelbarrow 
 
Figure 45: Wheelbarrow 
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3. Pressing Mechanism 
 
Figure 46: Pressing Mechanism 
4. Ten Liter Bucket 
 
Figure 47: 10 Liter Bucket 
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5. 1-2 Big Black Tarp(s) 
 
Figure 48: Black Tarp for Drying 
6. Cinderblocks  
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PROCEDURES 
1) Start by spreading out the tarp on the ground and securing the corners with cinderblocks. 
 
Figure 49: Tarp Set Up 
2)  Next take a ten liter bucket and fill it with mix (N.B. One full bucket should go into the 
wheelbarrow untouched so the mix in the wheelbarrow has the correct amount of moisture.) 
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Figure 50: 10L Bucket with Mix 
3) Using your hand as a stop, pour water out of the bucket until the mix is only moist. 
 
Figure 51: Draining 10L Bucket 
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Figure 52: Mix in 10L Bucket before Shredding 
4) Dump into the wheelbarrow and shred the mixture with your hands  
 
Figure 53: Less Moist Mix in Wheelbarrow 
N.B. Rubbing your hands with palms toward each other works best for this. 
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Figure 54: Shredding Mix Further before Pressing 
5) Put the mold on cinderblocks (N.B. Pictures were taken with original mold but it works the same 
with both molds) 
 
Figure 55: Set-up of Mold before Pressing 
6) Fill ten liter bucket to the top with new mush mold from wheelbarrow. 
7) Dump the bucket into the mold and even distribute mix. 
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Figure 56: Dumping Mix into Mold 
 
Figure 57: Evening the Mix in Mold 
8) Put the top plate on: 
 
Figure 58: Placing the Top Plate 
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Figure 59: Top Plate Placed 
9) Press down the handles until they stop 
 
Figure 60: Handles Before Pressing 
 
Figure 61: Pressing the Mold 
10) Remove the cinderblocks and turn the mold on its side. 
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Figure 62: Removing the Cinderblocks 
 
Figure 63: Turning the Mold on the Side 
11) Push from the back of the mold until the mix comes out the front and turn it so it sits on the top 
plate. 
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Figure 64: Pushing the Sheet Out 
 
Figure 65: Removing the Top Plate 
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Figure 66: Sheet out of the Mold 
12) Take the top plate which is holding the mix and bring it to black tarp. Find a place on the tarp 
and flip the plate so the mold is now on the tarp. Pull the top plate off. Repeat this process until you 
have all the sheets that you need. 
 
Figure 67: Transporting the Sheet 
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Figure 68: Flipping the Sheet 
 
 
Figure 69: Flipped Sheet 
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Figure 70: Finished Sheet 
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Appendix I – Installation Manual 
HOW TO INSTALL INSULATION SHEETS IN A KAMBASHU 
 
Figure 71: Insulated Bedroom 
 
 
Written and Produced by: MSR & the WPI MSR 2013 Research Team 
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WHAT YOU WILL NEED: 
1 Saw: 
 
Figure 72: Saw 
Nails: 
 
Figure 73: Nails 
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Wood Rafters (length and number varies from kambashu to kambashu) **MUST BE AT LEAST 8 CM 
WIDE!** 
 
Figure 74: Wood Rafters 
Insulation Sheets (Varies depending on size of kambashu) 
 
Figure 75: Insulation Sheets 
Something to Mark on Wood: 
 
Figure 76: Pencil 
Hammer: 
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Figure 77: Hammer 
RAFTER INSTALLATION PROCEDURES: 
1) The 1st rafter goes as close as possible to the wall: 
 
Figure 78: 1st Rafter Installation 
2) Mark where the rafter should go, along with marking where the nails will go: 
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Figure 79: Marking the Rafter 
 
RAFTER INSTALLATION PROCEDURES: 
3) Hammer the nails through the wood while on the floor or hard surface: 
 
Figure 80: Hammering Nail through Rafter 
4) Place the wood on your previous marks and nail into the main rafter one side at a time: 
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Figure 81: Placing Rafter on Marks 
 
Figure 82: Nailing in Rafter 
5) All rafters after that must be measure using an insulation sheet. Place the sheet so it is halfway 
on each rafter: 
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Figure 83: Measuring Rafter Distance Using Insulation Sheet 
 
Figure 84: Insulation Sheet Rafter Measurement 
 
Figure 85: Full View of Rafter Measurement 
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Figure 86: Nailing in Other Rafters 
6) Mark the placement and repeat the above steps for nailing the rafters in until all rafters are in 
place. 
7) Once all rafters are in place it is time to put in the insulation blocks. Start by finding any problem 
areas such as wood supports and cut a hole in the block to make it fit. 
 
 
Figure 87: Kambashu Support 
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Figure 88: Cutting the Sheets 
 
Figure 89: Sheet Cut to Fit 
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8) Once all blocks have been cut fit them from back to front on the rafter until there is no room left  
 
Figure 90: Placing the Sheets 
 
Figure 91: Placing the Sheets #2 
 
Figure 92: Placing Sheets #3 
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9) If there are any gaps: 
 
Figure 93: Gaps in Insulation Barrier 
Fill them in by placing a thin sheet above: 
 
Figure 94: Insulation Gap Filled with Thinner Sheet 
10) For Inward Swinging Doors: 
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Figure 95: Inward Swinging Door in Kambashu 
11) Put a rafter as close to the door as possible and fill with insulation. Upon completion get 
cardboard and fit to size for the side of the rafter. Duct tape down. 
 
Figure 96: Open Area near Kambashu Doorway 
 
Figure 97: Holding Up Cardboard for Placement 
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Figure 98: Taping Down the Cardboard 
 
Figure 99: Cardboard Taped Down 
Now your kambashu is fully installed with insulation!!! 
 
Figure 100: Fully Insulated Kambashu 
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Appendix J – Experimental Kambashu Dimensions 
The dimensions below are for the kambashu in which we painted and installed the insulation. All 
measurements are in centimeters. 
 
Figure 101: Blueprint of Experimental Kambashu 
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Appendix K– Original Sheet Design 
The sheet design is based off of a “step” method from recommendations by Professor Charles Innis of 
the WPI Mechanical Engineering Department in efforts to create the most effective insulation possible.  
The design allows for the blocks to be stacked in such a way that they are interlocking on all sides, we 
found that when  made it was nearly impossible to support the appendage that was sticking out when 
the mix was still wet. 
 
Figure 102: Insulation Sheet (view 1) 
 
Figure 103: Insulation Sheet (view 2) 
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Figure 104: Insulation Sheet Dimensions 
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Appendix L– Complete Temperature Data 
No modifications (pre-paint and pre-insulation) 
 
Figure 105: No Modification Baseline Test (3/27/13) 
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Figure 106: No Modification Baseline Test (4/2/13) 
 
Figure 107: No Modification Baseline Test (4/3/13) 
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Figure 108: No Modification Baseline Test (4/4/13) 
 
 
 
Figure 109: No Modification Baseline Test (4/5/13) 
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Painted 
 
Figure 110: Painted (4/7/13) 
 
Figure 111: Painted (4/8/13) 
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Figure 112: Painted (4/9/13) 
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Insulation and Paint 
 
Figure 113: Insulation and Paint (4/20/13) 
 
Figure 114: Insulation and Paint (4/21/13) 
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Figure 115: Insulation and Paint (4/23/13) 
 
Figure 116: Insulation and Paint (4/24/13) 
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Figure 117: Insulation and Paint (4/25/13) 
 
Figure 118: Insulation and Paint (4/26/13) 
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Appendix M – Fire Testing Results and Analysis 
Students from the Namibia MSR Project Team for 2011-2012 assisted by the WPI Fire Protection 
Engineering Department/Fire Science Laboratory conducted Cone Calorimeter tests on paper block 
samples, which entailed igniting the blocks, letting them burn, and then conducting a screening analysis. 
The screening analysis involved calculating the flame spread parameter b. To obtain b values, we used 
the data from the cone calorimeter tests. By using the below formula we are able to solve for the flame 
spread parameter: 
Equation 1: Flame Spread Parameter 
 
If the value of b is less than zero, the screening analysis indicates that the material will produce 
flames that spread in a decelerating manner.  If the value of b is greater than zero, the screening analysis 
indicates that the material will produce flames that spread in an accelerating manner. 
Explanation of Results: 
The 50% less paper mixture (Sample A) had mostly negative b values (Table 1 and Figure 1) 
except when calculated based on peak heat release rate per unit area. On the other hand, the 50% less 
paper mixture with salt (Sample B) had all negative b values (Table 2 and Figure 2). For the range of 
incident heat fluxes used in the Cone Calorimeter (25 to 50 kW/m2) and considering the uncertainty of 
the b parameter (±0.7), the screening analysis using the b parameter indicates that Sample A and 
Sample B are not likely to produce accelerating flame spread. 
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Use of Paper Blocks in Kambashu 
The use of the paper blocks assumes that the blocks will be used under the roof as “ceiling 
insulation”. The screening analysis indicates that for thermal insults (25-50 kW/m2) typical of pre-
flashover residential fire growth scenarios that the paper blocks are not likely to undergo accelerating 
flame spread. In common sense terms this means that the blocks will not significantly contribute to fire 
growth when installed as “ceiling insulation”. This observation holds as long as the blocks installed are 
manufactured consistent with those tested. 
The above observations are based on bench scale testing and a screening analysis.  The bench 
scale testing and screening analysis cannot reproduce all aspects of a fire growth scenario in kambashu.  
It is recommended that full-scale testing involving the paper blocks be conducted by the fire department 
to make the final determination on the use of paper blocks as “ceiling insulation” in kambashu.   
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Results: 
Time to ignition: this parameter is a measurement of the time it took for the blocks to undergo flaming 
ignition once exposed to the heat source 
Flame Spread Parameter: this is the calculated b value that determines if the object will produce flames 
that have accelerating spread or decelerating spread for the given conditions 
Heat Release Rate Per Unit Area:  the amount of heat energy released by the burning block per unit area 
Heat Flux: the amount of radiant incident energy released by the heat source in the Cone Calorimeter* 
*The values chosen for the heat flux are representative of various levels of intensity for fire flames.  An 
average material will ignite when exposed to 20 kW/m2. 
Table 2: Sample A - Flame Spread Calculations 
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Table 3: Sample B - Flame Spread Calculations 
 
 
 
Figure 119: Sample A - Heat Flux vs. Flame Spread Parameter 
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Figure 120: Sample B - Heat Flux vs. Flame Spread Parameter 
Data for Sample 1A 
Cone Calorimeter Test Run Data 
Test Information 
Specimen Identification: Sample 1A 
Date of Test: 6/14/2012 
Test Parameters 
Ambient Temperature:    74 F 
Relative Humidity: 46 % 
Heat Flux: 35 kW/m2 
Exhaust Duct Flow Rate: 30 g/s 
Orientation: Horizontal 
Specimen Holder: TRUE 
Specimen Preparation: 2 layer foil 
Notes: 1" Separation 
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Specimen Information 
Specimen Color: [] 
 Specimen Thickness: [mm] 30.0
Specimen Test Area: [m2] 0.0088 
Specimen Initial Mass: [g] 64.1 
Specimen Final Mass: [g] 1.9 
Specimen Density: [g/cm3] 0.2 
Mass Lost: [g] 62.2 
Total Heat Evolved: [kJ] 590 
Test Times [s] 
Shutter Open: 227 
Time to Ignition: 238 
Flameout: 1732 
Clean Air/End of Test: 1793 
Daily C-Factor 
0.042 
Test Summary 
Test Number: 0 
Date: 01/00/00 
Material: 0 
Specimen Identification: 0 
Flux: 02/04/00 
 
       
  The Peak, Average and Total parameters are computed over the test period ignition to flame out. 
There are 4 exceptions. The first three involve initial heat release rate averages for periods after 
ignition of 60, 180 and 300 seconds. The final involves the average mass loss rate which is 
computed over the time period from 10% mass loss to 90% mass loss. 
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Parameter Unit Value 
Heat Release 
Peak Heat Release Rate [kW/m2] 117 
Average Heat Release Rate [kW/m2] 45 
Total Heat Release [MJ/m2] 67 
Average HRR for the first 60s [kW/m2] 89 
Average HRR for the first 180s [kW/m2] 69 
Average HRR for the first 300s [kW/m2] 60 
Peak Heat of Combustion [kJ/g] 79 
Average Heat of Combustion [kJ/g] 3 
Smoke Obscuration 
Peak SEA [m2/g] 8.321 
Average SEA [m2/g] 0.223 
Peak Smoke Yield [g/g] 0.979 
Average Smoke Yield [g/g] 0.026 
Peak Smoke Production Rate [m2/s] 0.000 
Average Smoke Production Rate [m2/s] 0.059 
Total Smoke Release [m2] 17.418 
Gas Production Rates 
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Peak Carbon Monoxide [g/s] 0.003 
Average Carbon Monoxide [g/s] 0.001 
Peak Carbon Dioxide [g/s] 0.416 
Average Carbon Dioxide [g/s] 0.144 
Mass Loss 
Peak Mass Loss Rate [g/s] 0.240 
Average Mass Lass Rate [g/s] 0.041 
Initial Mass [g] 64.1 
Final Mass [g] 1.9 
Mass Loss Fraction [] 0.97 
Burn Time 
Time to Ignition [s] 11 
Duration of Flaming [s] 1494 
Duration of Test [s] 1566 
Test Notes 
Test Number: 0 
Date: 01/00/00 
Material: 0 
Specimen Identification: 0 
Flux: 02/04/00 
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Figure 121: Heat Release Rate of Sample 1A 
 
Figure 122: Mass Loss Rate of Sample 1A 
 
Figure 123: Heat Released of Sample 1A 
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Figure 124: Heat of Combustion of Sample 1A 
Data for Sample 1B 
Cone Calorimeter Test Run Data 
Test Information 
Specimen Identification: Sample 1B 
Date of Test: 6/14/2012 
Test Parameters 
Ambient Temperature: 75 F 
Relative Humidity: 43 % 
Heat Flux: 50 kW/m2 
Exhaust Duct Flow Rate: 30 g/s 
Orientation: Horizontal 
Specimen Holder: TRUE 
Specimen Preparation: 2 layer foil 
Notes: 1" Separation 
Specimen Information 
Specimen Color: [] 
 Specimen Thickness: [mm] 32.0
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Specimen Test Area: [m2] 0.0088 
Specimen Initial Mass: [g] 64.3 
Specimen Final Mass: [g] 26.7 
Specimen Density: [g/cm3] 0.2 
Mass Lost: [g] 37.6 
Total Heat Evolved: [kJ] 444 
Test Times [s] 
Shutter Open: 192 
Time to Ignition: 196 
Flameout: 1216 
Clean Air/End of Test: 1226 
Daily C-Factor 
0.042 
Test Summary 
Test Number: 0 
Date: 01/00/00 
Material: 0 
Specimen Identification: 0 
Flux: 02/19/00 
 
  
 
       
  
  
       
  
  
       
  
The Peak, Average and Total parameters are computed over the test period ignition to flame out. 
There are 4 exceptions. The first three involve initial heat release rate averages for periods after 
ignition of 60, 180 and 300 seconds. The final involves the average mass loss rate which is 
computed over the time period from 10% mass loss to 90% mass loss. 
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Parameter Unit Value 
Heat Release 
Peak Heat Release Rate [kW/m2] 93 
Average Heat Release Rate [kW/m2] 49 
Total Heat Release [MJ/m2] 50 
Average HRR for the first 60s [kW/m2] 67 
Average HRR for the first 180s [kW/m2] 55 
Average HRR for the first 300s [kW/m2] 51 
Peak Heat of Combustion [kJ/g] 62 
Average Heat of Combustion [kJ/g] 11 
Smoke Obscuration 
Peak SEA [m2/g] 1.873 
Average SEA [m2/g] 0.380 
Peak Smoke Yield [g/g] 0.220 
Average Smoke Yield [g/g] 0.045 
Peak Smoke Production Rate [m2/s] 0.003 
Average Smoke Production Rate [m2/s] 0.015 
Total Smoke Release [m2] 19.337 
Gas Production Rates 
Peak Carbon Monoxide [g/s] 0.002 
Average Carbon Monoxide [g/s] 0.000 
Peak Carbon Dioxide [g/s] 0.304 
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Average Carbon Dioxide [g/s] 0.133 
Mass Loss 
Peak Mass Loss Rate [g/s] 0.250 
Average Mass Lass Rate [g/s] 0.037 
Initial Mass [g] 64.3 
Final Mass [g] 26.7 
Mass Loss Fraction [] 0.59 
Burn Time 
Time to Ignition [s] 4 
Duration of Flaming [s] 1020 
Duration of Test [s] 1034 
Test Notes 
Test Number: 0 
Date: 01/00/00 
Material: 0 
Specimen Identification: 0 
Flux: 02/19/00 
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Figure 125: Heat Release Rate of Sample 1B 
 
Figure 126: Mass Loss Rate of Sample 1B 
 
  Figure 127: Heat Released of Sample 1B 
0
20
40
60
80
100
0 500 1000 1500
[k
W
/m
2
] 
Time [s] 
Heat Release Rate 
0
0.05
0.1
0.15
0.2
0.25
0.3
0 500 1000 1500
[g
/s
] 
Time [s] 
Mass Loss Rate   
0
100
200
300
400
500
0 200 400 600 800 1000 1200 1400
[k
J
] 
Time [s] 
Heat Released 
Appendices 
 
116 
 
 
Figure 128: Heat of Combustion of Sample 1B 
Data for Sample 2A 
Cone Calorimeter Test Run Data 
Test Information 
Specimen Identification: Sample 2A 
Date of Test: 6/14/2012 
Test Parameters 
Ambient Temperature: 74 F 
Relative Humidity: 44 % 
Heat Flux: 50 kW/m2 
Exhaust Duct Flow Rate: 30 g/s 
Orientation: Horizontal 
Specimen Holder: TRUE 
Specimen Preparation: 2 layer foil 
Notes: 1" Separation 
Specimen Information 
Specimen Color: [] 
 Specimen Thickness: [mm] 30.0
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Specimen Test Area: [m2] 0.0088 
Specimen Initial Mass: [g] 60.4 
Specimen Final Mass: [g] 12.8 
Specimen Density: [g/cm3] 0.2 
Mass Lost: [g] 47.6 
Total Heat Evolved: [kJ] 542 
Test Times [s] 
Shutter Open: 196 
Time to Ignition: 202 
Flameout: 1177 
Clean Air/End of Test: 1191 
Daily C-Factor 
0.042 
Test Summary 
Test Number: 0 
Date: 01/00/00 
Material: 0 
Specimen Identification: 0 
Flux: 02/19/00 
 
  
 
       
  
  
       
  
  
       
  
The Peak, Average and Total parameters are computed over the test period ignition to flame out. 
There are 4 exceptions. The first three involve initial heat release rate averages for periods after 
ignition of 60, 180 and 300 seconds. The final involves the average mass loss rate which is 
computed over the time period from 10% mass loss to 90% mass loss. 
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Parameter Unit Value 
Heat Release 
Peak Heat Release Rate [kW/m2] 147 
Average Heat Release Rate [kW/m2] 63 
Total Heat Release [MJ/m2] 61 
Average HRR for the first 60s [kW/m2] 105 
Average HRR for the first 180s [kW/m2] 79 
Average HRR for the first 300s [kW/m2] 69 
Peak Heat of Combustion [kJ/g] 94 
Average Heat of Combustion [kJ/g] 10 
Smoke Obscuration 
Peak SEA [m2/g] 5.432 
Average SEA [m2/g] 0.776 
Peak Smoke Yield [g/g] 0.639 
Average Smoke Yield [g/g] 0.091 
Peak Smoke Production Rate [m2/s] 0.000 
Average Smoke Production Rate [m2/s] 0.042 
Total Smoke Release [m2] 19.307 
Gas Production Rates 
Peak Carbon Monoxide [g/s] 0.001 
Average Carbon Monoxide [g/s] 0.000 
Peak Carbon Dioxide [g/s] 0.480 
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Average Carbon Dioxide [g/s] 0.200 
Mass Loss 
Peak Mass Loss Rate [g/s] 0.330 
Average Mass Lass Rate [g/s] 0.044 
Initial Mass [g] 60.4 
Final Mass [g] 12.8 
Mass Loss Fraction [] 0.79 
Burn Time 
Time to Ignition [s] 6 
Duration of Flaming [s] 975 
Duration of Test [s] 995 
Test Notes 
Test Number: 0 
Date: 01/00/00 
Material: 0 
Specimen Identification: 0 
Flux: 02/19/00 
 
  
Appendices 
 
120 
 
 
Figure 129: Heat Release Rate of Sample 2A 
 
Figure 130: Mass Loss Rate of Sample 2A 
 
Figure 131: Heat Released of Sample 2A 
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Figure 132: Heat of Combustion of Sample 2A 
Data for Sample 2B 
Cone Calorimeter Test Run Data 
Test Information 
Specimen Identification: Sample 2B 
Date of Test: 6/14/2012 
Test Parameters 
Ambient Temperature: 75 F 
Relative Humidity: 41 % 
Heat Flux: 50 kW/m2 
Exhaust Duct Flow Rate: 30 g/s 
Orientation: Horizontal 
Specimen Holder: TRUE 
Specimen Preparation: 2 layer foil 
Notes: 1" Separation 
Specimen Information 
Specimen Color: [] 
 Specimen Thickness: [mm] 35.0
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Specimen Test Area: [m2] 0.0088 
Specimen Initial Mass: [g] 86.1 
Specimen Final Mass: [g] 36.5 
Specimen Density: [g/cm3] 0.2 
Mass Lost: [g] 49.6 
Total Heat Evolved: [kJ] 701 
Test Times [s] 
Shutter Open: 186 
Time to Ignition: 193 
Flameout: 1537 
Clean Air/End of Test: 1557 
Daily C-Factor 
0.042 
Test Summary 
Test Number: 0 
Date: 01/00/00 
Material: 0 
Specimen Identification: 0 
Flux: 02/19/00 
 
  
 
       
  
  
       
  
  
       
  
The Peak, Average and Total parameters are computed over the test period ignition to flame out. 
There are 4 exceptions. The first three involve initial heat release rate averages for periods after 
ignition of 60, 180 and 300 seconds. The final involves the average mass loss rate which is 
computed over the time period from 10% mass loss to 90% mass loss. 
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Parameter Unit Value 
Heat Release 
Peak Heat Release Rate [kW/m2] 98 
Average Heat Release Rate [kW/m2] 59 
Total Heat Release [MJ/m2] 79 
Average HRR for the first 60s [kW/m2] 61 
Average HRR for the first 180s [kW/m2] 53 
Average HRR for the first 300s [kW/m2] 51 
Peak Heat of Combustion [kJ/g] 63 
Average Heat of Combustion [kJ/g] 16 
Smoke Obscuration 
Peak SEA [m2/g] 3.149 
Average SEA [m2/g] 0.878 
Peak Smoke Yield [g/g] 0.370 
Average Smoke Yield [g/g] 0.103 
Peak Smoke Production Rate [m2/s] 0.000 
Average Smoke Production Rate [m2/s] 0.028 
Total Smoke Release [m2] 22.083 
Gas Production Rates 
Peak Carbon Monoxide [g/s] 0.002 
Average Carbon Monoxide [g/s] 0.000 
Peak Carbon Dioxide [g/s] 0.294 
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Average Carbon Dioxide [g/s] 0.133 
Mass Loss 
Peak Mass Loss Rate [g/s] 0.090 
Average Mass Lass Rate [g/s] 0.038 
Initial Mass [g] 86.1 
Final Mass [g] 36.5 
Mass Loss Fraction [] 0.58 
Burn Time 
Time to Ignition [s] 7 
Duration of Flaming [s] 1344 
Duration of Test [s] 1371 
Test Notes 
Test Number: 0 
Date: 01/00/00 
Material: 0 
Specimen Identification: 0 
Flux: 02/19/00 
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Figure 133: Heat Release Rate of Sample 2B 
 
Figure 134: Mass Loss Rate of Sample 2B 
 
Figure 135: Heat Released of Sample 2B 
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Figure 136: Heat of Combustion of Sample 2B 
Data from Sample 3B 
Cone Calorimeter Test Run Data 
Test Information 
Specimen Identification: Sample 3B 
Date of Test: 6/14/2012 
Test Parameters 
Ambient Temperature: 75 F 
Relative Humidity: 40 % 
Heat Flux: 25 kW/m2 
Exhaust Duct Flow Rate: 30 g/s 
Orientation: Horizontal 
Specimen Holder: TRUE 
Specimen Preparation: 2 layer foil 
Notes: 1" Separation 
Specimen Information 
Specimen Color: [] 
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Specimen Thickness: [mm] 38.0 
Specimen Test Area: [m2] 0.0088 
Specimen Initial Mass: [g] 81.0 
Specimen Final Mass: [g] 78.8 
Specimen Density: [g/cm3] 0.2 
Mass Lost: [g] 2.2 
Total Heat Evolved: [kJ] 13 
Test Times [s] 
Shutter Open: 182 
Time to Ignition: 210 
Flameout: 244 
Clean Air/End of Test: 262 
Daily C-Factor 
0.042 
Test Summary 
Test Number: 0 
Date: 01/00/00 
Material: 0 
Specimen Identification: 0 
Flux: 01/25/00 
 
  
 
       
  
  
       
  
The Peak, Average and Total parameters are computed over the test period ignition to flame out. 
There are 4 exceptions. The first three involve initial heat release rate averages for periods after 
ignition of 60, 180 and 300 seconds. The final involves the average mass loss rate which is 
computed over the time period from 10% mass loss to 90% mass loss. 
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Parameter Unit Value 
Heat Release 
Peak Heat Release Rate [kW/m2] 70 
Average Heat Release Rate [kW/m2] 43 
Total Heat Release [MJ/m2] 1 
Average HRR for the first 60s [kW/m2] 25 
Average HRR for the first 180s [kW/m2] 8 
Average HRR for the first 300s [kW/m2] 5 
Peak Heat of Combustion [kJ/g] 10 
Average Heat of Combustion [kJ/g] 6 
Smoke Obscuration 
Peak SEA [m2/g] 1.555 
Average SEA [m2/g] 0.231 
Peak Smoke Yield [g/g] 0.183 
Average Smoke Yield [g/g] 0.027 
Peak Smoke Production Rate [m2/s] 0.000 
Average Smoke Production Rate [m2/s] 0.019 
Total Smoke Release [m2] 2.965 
Gas Production Rates 
Peak Carbon Monoxide [g/s] 0.001 
Average Carbon Monoxide [g/s] 0.001 
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Peak Carbon Dioxide [g/s] 0.121 
Average Carbon Dioxide [g/s] 0.037 
Mass Loss 
Peak Mass Loss Rate [g/s] 0.080 
Average Mass Lass Rate [g/s] 0.071 
Initial Mass [g] 81.0 
Final Mass [g] 78.8 
Mass Loss Fraction [] 0.03 
Burn Time 
Time to Ignition [s] 28 
Duration of Flaming [s] 34 
Duration of Test [s] 80 
Test Notes 
Test Number: 0 
Date: 01/00/00 
Material: 0 
Specimen Identification: 0 
Flux: 01/25/00 
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Figure 137: Heat Release Rate of Sample 3B 
 
Figure 138: Heat Released of Sample 3B 
 
Figure 139: Mass Loss Rate of Sample 3B 
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Figure 140: Heat of Combustion of Sample 3B 
Data from Sample 4A 
Cone Calorimeter Test Run Data 
Test Information 
Specimen Identification: Sample 4A 
Date of Test: 6/14/2012 
Test Parameters 
Ambient Temperature: 75 F 
Relative Humidity: 40 % 
Heat Flux: 25 kW/m2 
Exhaust Duct Flow Rate: 30 g/s 
Orientation: Horizontal 
Specimen Holder: TRUE 
Specimen Preparation: 2 layer foil 
Notes: 1" Separation 
Specimen Information 
Specimen Color: [] 
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Specimen Thickness: [mm] 35.0 
Specimen Test Area: [m2] 0.0088 
Specimen Initial Mass: [g] 77.9 
Specimen Final Mass: [g] 68.1 
Specimen Density: [g/cm3] 0.2 
Mass Lost: [g] 9.8 
Total Heat Evolved: [kJ] 70 
Test Times [s] 
Shutter Open: 203 
Time to Ignition: 230 
Flameout: 421 
Clean Air/End of Test: 462 
Daily C-Factor 
0.042 
Test Summary 
Test Number: 0 
Date: 01/00/00 
Material: 0 
Specimen Identification: 0 
Flux: 01/25/00 
 
  
 
       
  
  
       
  
The Peak, Average and Total parameters are computed over the test period ignition to flame out. 
There are 4 exceptions. The first three involve initial heat release rate averages for periods after 
ignition of 60, 180 and 300 seconds. The final involves the average mass loss rate which is 
computed over the time period from 10% mass loss to 90% mass loss. 
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Parameter Unit Value 
Heat Release 
Peak Heat Release Rate [kW/m2] 96 
Average Heat Release Rate [kW/m2] 42 
Total Heat Release [MJ/m2] 8 
Average HRR for the first 60s [kW/m2] 70 
Average HRR for the first 180s [kW/m2] 44 
Average HRR for the first 300s [kW/m2] 27 
Peak Heat of Combustion [kJ/g] 18 
Average Heat of Combustion [kJ/g] 7 
Smoke Obscuration 
Peak SEA [m2/g] 0.925 
Average SEA [m2/g] 1.040 
Peak Smoke Yield [g/g] 0.109 
Average Smoke Yield [g/g] 0.122 
Peak Smoke Production Rate [m2/s] 0.000 
Average Smoke Production Rate [m2/s] 0.048 
Total Smoke Release [m2] 17.199 
Gas Production Rates 
Peak Carbon Monoxide [g/s] 0.004 
Average Carbon Monoxide [g/s] 0.001 
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Peak Carbon Dioxide [g/s] 0.233 
Average Carbon Dioxide [g/s] 0.169 
Mass Loss 
Peak Mass Loss Rate [g/s] 0.110 
Average Mass Lass Rate [g/s] 0.050 
Initial Mass [g] 77.9 
Final Mass [g] 68.1 
Mass Loss Fraction [] 0.13 
Burn Time 
Time to Ignition [s] 27 
Duration of Flaming [s] 191 
Duration of Test [s] 259 
Test Notes 
Test Number: 0 
Date: 01/00/00 
Material: 0 
Specimen Identification: 0 
Flux: 01/25/00 
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Figure 141: Heat Release Rate of Sample 4A 
 
Figure 142: Heat Released of Sample 4A 
 
Figure 143: Mass Loss Rate of Sample 4A 
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Figure 144: Heat of Combustion of Sample 4A 
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